ABSTRACT: At first, this thesis screened out the indexes to evaluate the radiation that transformer substation has on the surrounding environment. Secondly, it conducted nondimensionalization and made grey relational analysis of the evaluation indexes and results to obtain the judgment matrix. Then, this thesis used fuzzy-analytical hierarchy model to obtain index weight and obtained the main evaluation indexes at last, providing theoretical foundation for the analysis of the radiation that transformer substation has on the surrounding environment.
INTRODUCTION
Transformer substation is a place to change voltage. In order to reduce energy loss during power transmission, high voltage needs to be used in distance transmission. In China, normal distance transmission voltage within 300km is 220kV while 500kV will be needed for a further distance. Transformer substation is used to reduce voltage and transmit it indoor. In urban areas or boundaries, 220kV transformer substation reduces voltage to 110kV and transmits it to 110kV transformer substation. The rest can be done in the same manner; 110kV transformer substation reduces voltage to 10kV and transmits it to transformer substations around communities. Then, voltage will be reduced to 380/220v, and thus, residents can use the voltage. Therefore, the switch center of every city power supply system is transformer substation. However, current transformer substations are facing the problem of construction.
More and more people are against building transformer substations inside the city. They are mainly worried about radiation threat. In fact, this threat is very weak. Even if voltage of a transformer substation is very high, its radiation may be even lower than that of a cellphone.
In order to further analyze the radiation problem of transformer substation and eliminate people's misunderstanding, this thesis applied nondimensionalization, grey relational analysis, and fuzzy-analytical hierarchy model to make scientific analysis on this problem.
GREY RELATIONAL ANALYSIS
According to the selected data (see Table 1 ), this thesis obtained the relation between each index and the evaluation results by research.
As there was no obvious relation between each index and scores of evaluation results, this thesis made picture processing on these data and obtained the following scatter diagram (See Figure 1) . 
Evaluation Analysis of Transformer Substation Radiation on Surrounding Environment
Specific analysis procedures of grey relational analysis are as follows:
(1) Decide comparison objects (evaluation objects) and reference array (evaluation standards). Set there are m evaluation objects and n evaluation indexes. The reference array is xn={xn(k)|k=1,2,…,n} and the comparison array is xi ={xi(k)|k=1,2,…,n}, i=1,2,…,m.
(2) Confirm corresponding weight of each index value. Hierarchy analysis can be used to confirm the weight of each index. w = [w 1 , w 2 ,…, w n ] and w k (k=1,2,…,n) refers to the corresponding weight of No. k index.
(3) Calculate grey relational coefficient:
refers to the relational coefficient between technical statistics and comparison hierarchy. refer to the two-stage minimum differential and the two-stage maximum differential respectively. In general, the bigger coefficient ρ is, the higher resolution ratio will be; the smaller ρ is, the lower resolution ratio will be. As there were different dimensions contained in the data of Table 1 , we needed to calculate the same dimensions of data during calculation process. Thus, we used nondimensionalization to process these data.
The following method was applied for conversion: Set the original number sequence as X=(x(1),x(2),…,x(n)). Then, the initialized sequence is (2) ( )
(1)
. Therefore, it is obvious that the initialized sequence cannot meet the requirement of nondimensionalization. See details in Table 2 . Then, this thesis conducted grey relational analysis of the eight indexes of the radiation that transformer substation has on the surrounding environment. The formulas of relational analysis are as follows: 
The following results were obtained from grey theory software: At the beginning, this thesis obtained a model with hierarchical structure by making the problem hierarchical and systematic. Then, the problem was consisted of processed decomposition elements. Based on element property and relation, the elements formed multiple hierarchies among which criterions control- ling related elements of lower hierarchies were composed of higher hierarchies. The model mainly includes three hierarchies:
1) The top hierarchy There's only one element in this hierarchy. As it is the preset target for analysis of excellent design scheme, it is also called the target hierarchy.
2) The intermediate hierarchy This hierarchy is composed of several hierarchies. As it contains all the criterions and sub-criterions, it is also called the criterion hierarchy.
3) The bottom hierarchy This hierarchy is composed of all methods to realize the target. It is also called the scheme hierarchy (or measure hierarchy).
In general, hierarchy quantity of the model can be free selected. However, it is closely related to the difficulty level of the problem you want to solve. It is widely known that for each hierarchy, it is better to keep the element quantity controlled by each element of the model less than nine. If it exceeds nine, too many elements in control can make it hard to make pairwise comparison and judgment.
Construct judgment matrix
According to the quantitative trend shown in the fractional change of hierarchical structure, we have found there were three criterion factors which led to the changes. However, during the trade-off process of deciding target, the proportions of the factors corresponding to all the criterions in the criterion hierarchy were different. Therefore, this thesis applied weight analysis to process these eight indexes.
It is hard to make quantitative analysis of the proportion that influential factors of fraction amount possess in the total population. Besides, too many influential factors can result in negligence or incomprehensive consideration and make it impossible to thoroughly think about the impact that each factor has on one element. Thus, we may obtain data of little importance or a series of conflicting data. In order to avoid the error, we assume that a 1kg stone can be broken down into n pieces. We can measure the weights of all the pieces and set them as w 1 ,…,w n . Now, please ask someone to estimate the proportion that weight of these n pieces that in the total weight (do not let him know the weight of each piece). It is not only hard for him to give an accurate proportion; but is also very likely for him to provide contradictory data.
Assume we need to compare the influential degrees that n factors X={x1,…,xn} have on Z, how to provide reliable data? Saaty et al. have suggested to make pairwise comparison among the factors to establish pairwise comparison matrices, that is to take two factors xi and xj. Use aij to express the ratio between the influcencial degrees that these two factors have on Z. Use A=(aij)n×n to express all comparison results. A refers to the pairwise comparison judgment matrix between Z-A (abbreviated as judgment matrix).
It is easily to see that if the ratio between the influential degrees that xi and xj have on Z is aij, the ratio between the influential degrees that xj and xi have on Z shall be This thesis used scale (1-9) and reciprocal to obtain the value of aij. 3 By comparison, the former is slightly more important that the latter.
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By comparison, the former is obviously more important than the latter.
7
By comparison, the former is much more important than the latter.
9
By comparison, the former is extremely more important than the latter.
2,4,6,8, It refers to the median of adjacent judgment mentioned above.
Reciprocal
If the importance ratio between factor i and factor j is aij, the importance ratio between factor j and factor i is aij = 1/ aij.
According to psychological analysis, we have found that the segmented hierarchies cannot be too many; or they will weaken our judgment and thus make it more complicated to judge. By conducting actual experiment, this thesis studied the accuracy of our judgment in situation with multiple dimensions. The results show that 1 to 9 scales are appropriate.
It should be pointed out at last that it is generally necessary to make pairwise comparison judgment for   1 2 n n times. Some regard it is enough to compare all elements with one element and thus only (n-1) times of comparison will be appropriate. The weakness of this means is obvious. Once a judgment is wrong, the whole sequence obtained will be wrong. Moreover, there will always have minor wrong judgments in quantitative analysis system.
  1 2
n n times of comparison can provide more information. A reasonable sequence can be derived from repeated comparison from different perspectives.
Consistency check of judgment matrix
(i) Calculate consistence index CI:
(ii) Search for corresponding average random con-sistency index RI. Saaty provided the values of RI to n=1,…,9 as shown in Table 4 . Random method was applied to build 500 sample matrices to obtain the values of RI: extract numbers randomly from 1 to 9 and their reciprocals to construct straight reciprocal matrices to obtain the average value of the largest eigenvalue ' max
(iii) Calculate consistency ratio CR: RI CI CR  . When CR <0.10, it is regarded as the consistency of the judgment matrix is acceptable; or, appropriate modification will be needed for the judgment matrix.
Modeling
The scoring judgment matrices were obtained according to relations between each index and the evaluation results: Table 5 . Scoring Judgment Matrices. Use matlab software to calculate the scoring weight of each influential factor of the data given in Table 6 . See Table 7 for the results. 
Result analysis
According to the results obtained in the above analytic hierarchy process, it can be seen that the factors with high weight include total field intensity, electromagnetic wave frequency, electric field intensity, and magnetic intensity, showing that these four factors can be used to analyze the radiation that transformer substation has on the surrounding environment.
Application
According to the four indexes, this thesis conducted electromagnetic radiation survey on the 220kV power transmission line between No.1 tower and No.3 tower in Binshui West Road of university town in Xiqing District of Tianjin. See the distribution graph as follows: Table 8 
